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Tricyclic  Antidepressants  Found  in  Pilots  Fatally 
Injured  in  Civil  Aviation  Accidents 


INTRODUCTION 

Tricyclic  antidepressants  (TCAs)  are  a  group  of  drugs  con¬ 
sisting  of  three  rings  in  their  chemical  structure  and  considered 
first-generation  antidepressants  (23).  Since  the  1950s,  TCAs 
have  been  clinically  used  to  treat  depression  (4).  Currently, 
10  drugs  pharmacologically  fall  under  the  category  of  TCAs 
(23).  The  names  of  these  TCAs  are  amitriptyline,  amoxapine, 
clomipramine,  desipramine,  doxepin,  imipramine,  maprotiline, 
nortriptyline,  protriptyline,  and  trimipramine.  Because  of  the 
adverse  effects — for  example,  orthostatic  hypotension,  sedation, 
dry  mouth,  tachycardia,  arrhythmias,  constipation,  blurred  vision, 
weight  gain,  and  lower  seizure  threshold — exhibited  by  TCAs 
(21,23),  these  drugs  are  not  favored  as  a  first-line  treatment 
option  for  depression. 

Although  TCAs  are  still  commercially  available,  new  genera¬ 
tion  antidepressants  such  as  selective  serotonin  reuptake  inhibi¬ 
tors  (SSRIs)  have  been  developed  and  are  preferred  medications 
over  TCAs  for  treating  depression  (23).  In  a  broader  sense,  the 
use  of  antidepressant  drugs  by  aviators  is  not  permitted  in  the 
United  States  (15).  Since  TCAs  are  antidepressants,  this  group 
of  medications  is  also  not  approvable  for  aviators.  However, 
SSRIs  are  considered  for  approval  on  a  case-by-case  basis  to  use 
under  certain  medical  situations  in  the  United  States  and  other 
countries  (1 5,28).  Although  epidemiological  aspects  of  the  pres¬ 
ence  of  SSRIs  in  civil  aviation  accident  pilot  fatalities  has  been 
evaluated  (2,27),  no  such  evaluation  has  been  made  for  TCAs. 

Therefore,  a  study  examining  the  prevalence  ofTCAs  in  7,037 
pilots  fatally  injured  in  civil  aviation  accidents  was  performed. 
This  study  entailed  the  search  of  aviation  accident,  toxicology, 
and  medical  certification  databases  to  extract  applicable  informa¬ 
tion.  This  information  consisted  of  the  types  and  concentrations 
ofTCAs  found  in  the  pilots,  their  flying  and  medical  certificate 
categories,  and  their  aeromedical  histories.  Additionally,  the  cause 
and  factors  leading  to  the  aviation  accidents  were  evaluated. 
Results  of  the  study  might  be  helpful  to  formulate  aeromedical 
policies  regarding  the  use  of  antidepressants  by  aviators. 

METHODS 

Aviation  Accident  Database 

The  National  Transportation  Safety  Board  (NTSB)  aviation 
accident  database  was  searched  to  find  the  number  of  fatal  avia¬ 
tion  accidents  that  occurred  during  the  1990-2012  period  (22). 
This  23-yr  period  is  consistent  with  the  toxicology  database 
maintained  since  1990  at  the  Federal  Aviation  Administration’s 
(FAA’s)  Civil  Aerospace  Medical  Institute  (CAMI)  in  Oklahoma 
City,  OK.  The  categories  of  flight  operations  and  the  cause  and 
factors  in  TCA- associated  accidents  were  retrieved  from  the  NTSB 
database  as  well.  Any  information  pertaining  to  medication  usage, 


medical  conditions,  or  medical  histories  of  theTCA-involved  pilots, 
mentioned  in  the  narratives  of  the  NTSB  accident  investigation 
reports,  was  carefully  evaluated  and  incorporated  in  the  study. 

Aviation  Toxicology  Database 

Toxicological  evaluations  of  the  biological  samples  collected 
from  the  pilots  fatally  injured  in  aircraft  accidents  are  stored  In 
the  aforementioned  CAMI  toxicology  database.  Additionally, 
other  information  related  to  the  aviation  accidents  and  the 
pilots  is  kept  in  this  databank.  Some  of  the  fields  of  this  toxi¬ 
cology  database,  such  as  aircraft  number  and  accident  narrative 
summaries,  have  links  with  those  of  the  NTSB  database  (22). 
Flying  and  medical  certificate  categories  of  aviators  obtained 
from  the  FAA  Multi- System  Access  Tool  database  (19)  and 
the  CAMI  Document  Imaging  and  Workflow  System  (DIWS) 
(18,20)  are  part  of  the  CAMI  toxicology  databank.  The  DIWS 
was  directly  examined  for  extracting  information  pertaining  to 
the  relevant  demographic  elements  and  medical  histories  of  the 
TCA-involved  pilots. 

The  CAMI  toxicology  database  was  explored  to  find  the 
number  of  aviation  accidents  and  associated  pilot  fatalities  from 
which  CAMI  received  postmortem  biological  samples  during  the 
period  of  1 990-20 12.  This  search  also  encompassed  the  number 
of  pilot  fatalities  wherein  drugs,  including  TCAs,  were  found 
to  be  present  in  the  submitted  postmortem  biological  samples. 

Pilot  Fatality  Biological  Specimens 

The  NTSB  is  responsible  for  investigating  all  U.S.  civilian 
aircraft  accidents.  During  the  investigation  of  civil  aviation  ac¬ 
cidents  occurring  within  the  jurisdiction  of  the  United  States, 
autopsied  biological  samples — blood,  urine,  vitreous  fluid,  spi¬ 
nal  fluid,  brain,  lung,  heart,  liver,  kidney,  and/or  other  sample 
types — collected  from  pilots  are  submitted  to  CAMI  for  toxi¬ 
cological  evaluation  (1,5,10).  The  submission  of  the  specimens 
is  authorized  by  the  NTSB  and  coordinated  through  the  FAA’s 
Office  of  Accident  Investigation  and  Prevention.  The  collected 
samples  are  shipped  to  CAMI  in  a  special  evidence  container 
known  as  “TOX-BOX”  (10). 

Pilot  Fatality  Case  Number  Assignment 

A  specific  CAMI  case  number  is  assigned  to  each  pilot  fatality 
from  which  the  biological  samples  are  collected  and  submitted 
to  CAMI  for  analytical  toxicology.  Therefore,  a  particular  fatal¬ 
ity  is  referred  to  as  a  particular  case.  Only  pilots  are  included 
in  the  present  study.  Since  this  study  included  accidents  with 
only  one  pilot  in  command  per  aircraft,  the  number  of  pilots 
was  equivalent  to  the  number  of  aviation  accidents.  With  an 
exception  of  a  mid-air  collision  accident  involving  two  aircraft, 
the  accident  was  counted  as  one  by  the  NTSB,  but  the  pilots 
numbered  two. 
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RESULTS 


In  the  present  study,  “case,”  “fatality,”  “pilot,”  “aviator,”  and 
“accident”  are  interchangeably  used  when  and  where  necessary 
and  appropriate. 

Toxicological  Evaluation 

The  CAMI  toxicology  laboratory’s  standard  procedure  is  to 
use  various  techniques  to  analyze  submitted  biological  samples 
for  the  presence  of  combustion  gases  (carbon  monoxide  and  hy¬ 
drogen  cyanide),  ethanol  and  other  volatiles,  and  drugs  (5,6, 10). 
The  drugs  include  a  wide  range  of  nonprescription,  prescription, 
and  illicit  drugs.  The  toxicological  analysis  has  two  components, 
preliminary  (screening)  andconfirmatory/quantitative.  Samples 
positive  in  the  preliminary  analysis  are  considered  presumptive 
positives.  New  aliquots  of  such  positive  case  samples  are  ac¬ 
cessioned  and  further  analyzed  for  confirmation/quantitation. 
These  analyses  are  dependent  upon  the  availability  of  specimen 
types,  amounts,  and  physical  conditions.  Additionally,  chemical 
characteristics  of  analytes  and  the  sensitivity  and  specificity  of 
analytical  methods  employed  are  critical  elements  of  the  analyses. 


Aviation  Accidents 

During  1990-2012,  the  NTSB  investigated  8,420  fatal 
aviation  accidents,  and  CAMI  received  biological  samples  from 
7,274  accidents.  Of  the  7,274  accidents,  there  were  7,037  ac¬ 
cidents  wherein  pilots  were  fatally  injured.  The  toxicological 
evaluation  of  these  7,037  cases  revealed  that  2,644  (38%)  were 
positive  for  drugs,  including  TCAs.  Of  the  2,644  cases,  TCAs 
were  determined  to  be  present  in  31  pilots.  As  is  given  in  Table 
I,  29  (94%)  of  the  31  antidepressant-related  accidents  were 
categorized  as  general  aviation  (Title  14  of  the  Code  of  Federal 
Regulations  (CFR)  Part  91)  (13).  The  remaining  two  aircraft 
were  operating  under  the  categories  of  rotorcraft  (14  CFR  133) 
and  ultralight  vehicle  (14  CFR  Part  103). 


Table  I.  Operational  Categories  of  Aircraft  Involved  in  Fatal  Civil  Aviation  Accidents  and 
Associated  Fatally  Injured  Pilots  (1990-2012) 


NTSB  Database1  ■ 
Fatal  Aviation 
Accidents 

CAMI  Toxicology  Database* 

Operational  Categories 

Fatal 

Aviation 

Accidents 

Fatally 

Injured 

Pilots5 

TCA-Associated  Fatally 
Injured  Pilots5 

General  aviation 
(14  CFR  Part  91) 

7,541 

6,258^ 

6,258 

29 

Rotorcraft 
(14  CFR  Part  133) 

50 

35 

35 

1 

Ultralight  vehicle 
(14  CFR  Part  103) 

6 

52 

52 

1 

Total 

7,597 

6,345 

6,345 

31 

Code  of  Federal  Regulations  (CFR),  Title  14  Parts  (13).  Only  operations  conducted  under  Parts  91,  133, 
and  103  were  included  herein  because  they  were  associated  with  accidents  where  TCAs  were  found  to  be 
present  in  the  pilot  fatalities. 

'Unregistered  aircraft,  such  as  amateur-built  ultralight  vehicles,  may  not  be  included  in  these  NTSB  fatal  accidents. 
Includes  fatal  accidents  of  registered  and  unregistered  aircraft  from  which  postmortem  biological  samples  were 
submitted  for  toxicological  evaluation.  An  example  of  unregistered  aircraft  could  be  amateur-built  ultralight  vehicles. 

^Translates  into  the  equivalent  number  of  aviation  accidents,  since  there  will  be  only  one  pilot  per  aircraft. 

\')nc  accident  was  a  mid-air  collision  involving  two  aircraft,  and  that  accident  was  counted  twice  by  CAMI. 
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TCAs  and  Other  Drugs 

The  TCAs  found  in  the  31  fatally  injured  pilots  were  imip- 
ramine,  desipramine,  amitriptyline,  nortriptyline,  doxepin/ 
nordoxepin,  and  clomipramine  (Table  II).  There  were  17  cases 
where  blood  samples  were  available  to  quantitate TCA.  The  blood 
concentrations  of  TCAs  found  in  the  pilots  are  given  in  Table 
III.  The  presence  ofTCAs  in  other  sample  types — heart,  kidney, 
liver,  lung,  spleen,  and / or  urine — was  also  confirmed  by  perform¬ 
ing  either  qualitative  or  semi-quantitative  analysis.  Only  blood 


quantitative  values  ofTCAs  are  incorporated  in  the  table,  since 
non-blood  analysis  results  were  qualitative  or  semi-quantitative 
in  nature.  Quantitative  values  in  a  non-blood  biological  sample 
cannot  be  realistically  used  to  correlate  with  the  degree  of  toxic¬ 
ity  caused  by  a  drug.  As  given  in  Table  II,  nine  of  the  3 1  pilots 
had  only  TCAs  and/or  their  metabolites,  whereas  the  remain¬ 
ing  22  pilots  also  had  other  substances  in  their  body.  The  other 
substances  were  analgesics/narcotic  analgesics  (acetaminophen, 
dihydrocodeine,  hydrocodone,  hydromorphone,  morphine, 


Table  II.  TCAs  Found  in  Civil  Aviation  Accident  Pilot  Fatalities 


Fatally  Injured  Pilots 


TCAs 

Without  Other  Substance(s) 

With  Other  Substance(s)* 

Imipramine/ desipramine 

3* 

6 

Desipramine 

- 

4 

Amitriptyline/nortriptyline 

3 

8 

Nortriptyline 

- 

3 

Doxepin/nordoxepin 

2 

1 

Clomipramine 

1 

- 

Total 

9 

22 

Includes  other  drugs  and  ethanol. 

'In  one  pilot,  only  imipramine  was  detected. 

Table  III.  Blood  Concentrations  (ng-ml  ^  ofTCAs  in  Pilots  Fatally  Injured  in  Civil  Aviation  Accidents 

TCAs 

Without  Other 

With  Other 

Substance 

Substance(s) 

Imipramine;  desipramine 

- 

99-119*;  96-6,510* 

Desipramine 

161 

- 

Amitriptyline;  nortriptyline 

28  &  74;  29  &  120* 

23-3741;  44-5461 

Nortriptyline 

- 

4,226 

Doxepin;  nordoxepin 

- 

354; 139 

Clomipramine 

80 

- 

Includes  other  drugs  and  ethanol. 

'Total  four  cases,  but  one  case  had  only  desipramine  value. 
"Total  two  cases. 

11  Total  seven  cases,  but  one  case  had  only  nortriptyline  value. 
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oxycodone,  propoxyphene/norpropoxyphene,  salicylate,  and 
tramadol),  anticholinergic/  parasympatholytic  agent  (atropine), 
anticonvulsant  (carbamazepine),  antidepressants  (fluoxetine/ 
norfluoxetine,  bupropion,  paroxetine,  and  venlafaxine/des- 
methylvenlafaxine),  antihistaminics  (diphenhydramine  and 
doxylamine),  anorectic  medication  (phentermine),  anti  tussive 
drug  (dextromethorphan),  benzodiazepines  (chlordiazepoxide, 
diazepam/nordiazepam,  oxazepam,  and  temazepam),  beta- 
blockers  (atenolol  and  propranolol),  calcium-channel  blockers 
(verapamil/norverapamil  and  diltiazem),  local  anesthetic  and 
antiarrhythmic  drug  (lidocaine),  muscle  relaxants  (carisoprodol 
and cyclobenzaprine),  tranquilizer  (meprobamate),  andthiazoli- 
dinedione  (pioglitazone).  Ethanol  (>  40  mg-dh1  or  mg-hg1)  was 
detected  in  two  of  the  3 1  cases. 

Cause  and  Factors  in  Aviation  Accidents 

Based  upon  the  NTSB  determination,  the  use  of  drugs  and 
ethanol  was  reported  as  a  probable  cause  or  contributing  factor 
in  1 1  of  the  31  TCA- associated  accidents  (Table  IV,  follow¬ 
ing  page).  In  one  of  the  1 1  cases,  only  TCA  was  present;  in 
the  remaining  1 0  cases,  other  substances  were  also  detected. 
The  probable  cause  and  contributing  factor  in  the  remaining 
20  of  the  31  TCA- associated  accidents  were  determined  to 
be  other  than  the  usage  of  foreign  substances  and / or  medical 
conditions. 


Demographic  Elements  and  Flying/Medical  Certificates 

Of  the  3 1  pilots,  29  (94%)  were  male  and  two  (6%)  female; 
their  average  age  was  58  yr  (SD  14;  range  37  to  81).  Occupa¬ 
tionally,  five  pilots  were  physicians,  one  manager,  one  electrical 
engineer,  one  homebuilder,  one  real-estate  agent,  one  business¬ 
man,  one  aircraft  mechanic,  and  one  pilot.  Occupations  of  the 
remaining  19  pilots  were  not  known.  The  flying  experience  of 
28  of  the  3 1  pilots  had  a  wide  range  of  distribution  from  84  to 
20,000  total  flight  h  (mean;  2,929;  SD;  4,016).  The  flying  hour 
was  recorded  as  “zero”  for  one  pilot,  and  two  did  not  have  any 
medical  record  in  the  DIWS.  The  time  period  between  the  last 
medical  examination  and  the  accident  date  ranged  from  two 
to  59  months  (mean:  19;  SD:  15;  N=  28).  One  fatally  injured 
pilot  was  excluded  from  the  calculation  of  the  mean  because 
the  pilot’s  medical  examination  was  performed  approximately 
20  yr  ago.  This  aviator  was  flying  under  the  sport  pilot  category 
thus,  was  not  required  to  hold  a  medical  certificate.  No  medical 
records  were  available  for  the  remaining  two  pilots. 

Figure  1  depicts  the  flying  certificate  categories  of  the  avia¬ 
tors:  one  student,  three  airline  transport,  10  commercial,  and 
16  private  pilots.  One  pilot  did  not  have  any  flying  certifi¬ 
cate.  Two  aviators  held  first-class,  seven  second-class,  and  1 6 
third-class  medical  certificates.  The  rest  of  the  six  pilots  did 
not  have  medical  certificates;  one  was  flying  under  the  sport 
pilot  category. 


Airman  Flying  Certificate  Categories 


Figure  1.  TCA-related  fatal  aviation  accidents  with  respect  to  airman  flying  certificate  categories  and  associated  medical 
certificates 
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Aeromedical  History 

Per  CAMI  aeromedical  records,  none  of  rhe  3 1  pilots  reported 
TCA  usage  and  related  medical  conditions  during  their  medical 
examination.  However,  a  total  of  14  of  the  31  aviators  reported 
the  use  of  other  medical  drugs  during  the  examination.  The 
reported  drugs  were  acetylsalicylic  acid,  atorvastatin,  cisapride, 
enalapril,  esomeprazole,  famotidine,  guaifenesin,  ibuprofen, 
meloxicam,  probenecid,  simvastatin,  sulfasalazine,  tamsulosin, 
and  terazosin.  During  the  medical  evaluation  of  one  pilot,  a 
general  denial  decision  was  made  due  to  the  aviator’s  disqualify¬ 
ing  medical  condition,  which  warranted  the  use  of  desipramine 
and  diazepam.  In  another  case,  the  pilot  was  informed  that  he 
did  not  meet  medical  standards  for  certification  because  of  his 
use  of  amitriptyline.  Later,  upon  the  notification  from  the  pilot 
and  his  aviation  medical  examiner  that  the  aviator  was  no  longer 
using  this  TCA,  a  medical  certificate  with  the  authorization  of 
special  issuance  was  granted.  Remarkably,  at  the  time  of  the 
medical  examination,  the  pilot  informed  his  medical  examiner 
that  he  was  not  taking  any  medication,  but  amitriptyline  was 
detected  in  his  postmortem  samples. 

According  to  the  narratives  of  the  NTSB  accident  investiga¬ 
tion  reports,  six  of  the  3 1  antidepressant-involved  fatally  injured 
pilots  had  a  history  of  the  use  of  a  TCA.  This  conclusion  was 
based  upon  the  personal  medical  records  and/or  medical  history 
of  the  pilots  obtained  by  the  NTSB  during  the  accident  inves¬ 
tigation.  Of  these  six  pilots  (cases),  TCAs  were  prescribed  for 
depression  in  three  cases  (one  amitriptyline,  one  nortriptyline, 
and  one  imipramine),  for  pain  in  two  cases  (one  imipramine 
and  one  amitriptyline),  and  for  chronic  insomnia  in  one  case 
(amitriptyline).  Notably,  one  of  the  three  aviators  with  depres¬ 
sion  was  a  physician  and  was  prescribed  imipramine  by  his  wife, 
who  was  also  a  physician.  According  to  her,  the  pilot  had  seen  a 
psychologist  and  was  taking  this  drug  for  approximately  1 0  yr. 

DISCUSSION 

The  number  of  aviation  accidents  from  which  biologi¬ 
cal  samples  were  received  at  CAMI  during  the  23-yr  period 
( 1 990-20 1 2)  was  86%  of  the  fatal  aviation  accidents  investigated 
by  the  NTSB  for  the  period.  This  percentage  is  comparable  to 
the  values,  93%  and  80%,  reported  in  earlier  studies  (7,10). 
The  difference  between  the  NTSB  (8,420)  and  CAMI  (7,274) 
accident  numbers  might  be  because  the  NTSB  may  or  may  not 
investigate  accidents  involving  unregistered  aircraft.  Addition¬ 
ally,  the  pilot  may  not  have  been  fatally  injured  in  some  of  those 
accidents.  There  might  have  been  fatally  injured  copilots  and / 
or  passengers  in  such  accidents,  thus  they  were  also  included  in 
the  NTSB  aviation  accident  databank  number. 

However,  aviation  accidents  from  which  biological  samples 
were  submitted  to  CAMI  may  include  registered,  as  well  as 
unregistered  aircraft  accidents,  and  only  those  accidents  where 
pilots  were  fatally  injured  were  incorporated  in  the  present 
study;  thus,  fatally  injured  copilots  and  passengers  were  not  part 
of  the  study.  Other  reasons  for  not  receiving  aviation  accident 


postmortem  samples  could  be  un-recoverability  of  pilot  remains 
from  the  accident  scenes,  religious  beliefs  of  the  pilot’s  family 
regarding  autopsy  and  subsequent  analysis,  and  the  investigator- 
in-charge’s  decision  not  to  send  samples  to  CAMI  (10).  Most 
of  theTCA-associated  aviation  accident  flights  (94%)  were  op¬ 
erating  under  general  aviation  category  (14  CFR  Part  91)  (13). 
The  high  percentage  was  consistent  with  the  high  percentages 
observed  with  the  accidents  investigated  by  the  NTSB  (99%; 
7,541)  during  1990-2012  and  with  the  fatal  aviation  accidents 
from  which  postmortem  samples  were  received  by  CAMI  (99%; 
6,258)  during  1990-2012  (Table  I).  Similar  high  percentages 
of  the  Part  91  operational  category  have  also  been  noted  in 
previous  studies  (2,8,9). 

The  TCA-involved  accidents  (0.44%;  31  of  7,037  pilot 
fatalities;  1990-2012)  are  considerably  less  compared  to  the 
SSRI-involved  accidents  (1.48%;  61  of  4,128  pilot  fatalities; 
1 990-200 1 )  stated  in  an  earlier  study  (2) .  An  explanation  for  the 
fewer  TCA- related  accidents  could  be  because  TCAs  are  more 
toxic  and  less  selective  than  SSRIs,  thus  TCAs  are  less  preferred 
over  SSRIs  for  treating  depression  (23).  Under  the  aeromedical 
policy  since  2010,  SSRIs  are  being  approved  for  pilots  on  a  case- 
by-case  basis  in  the  United  States  (1 1,14,15). 

Of  the  10  listed  TCAs  (23),  only  sixTCAs  were  detected  in 
the  31  cases.  None  of  the  cases  had  more  than  one  TCA,  other 
than  TCA  metabolites  such  as  desipramine,  nortriptyline,  and 
nordoxepin.  Desipramine  and  nortriptyline  could  be  drugs,  not 
metabolites,  since  they  are  also  available  as  drugs  in  the  market. 
The  observed  blood  concentrations  of  the  TCAs,  in  the  absence 
of  other  substances,  were  within  the  therapeutic  range  (26,29), 
but  the  TCA  blood  concentrations  were  in  the  therapeutic-to- 
toxic  range  when  other  substances  were  present  (Table  III). 

There  were  five  such  toxic  range  cases:  one  desipramine  (6,510 
ng-mk1),  three  nortriptyline  (374,  546,  and  4,226  ng-mk1),  and 
one  doxepin  (354  ng-mk1).  However,  it  must  be  emphasized 
that  the  concentrations  found  in  the  present  study  may  not 
necessarily  represent  the  true  concentrations  of  the  TCAs  at 
the  time  of  accidents.  This  emphasis  is  being  made  because  (i) 
postmortem  redistribution  of  the  drugs  does  occur  (3,25)  and 
(ii)  pharmacokinetics,  thus  concentrations,  of  drugs  do  change 
when  other  substances  are  present  in  the  body  (24). 

The  substances,  other  than  TCAs,  found  in  the  pilots  were 
common  medications  used  in  the  general  population  and  are 
similar  to  those  reported  earlier  with  SSRIs  (2).  No  controlled 
substances  (12)  were  detected  in  the  aviators  wherein  TCAs  were 
detected.  The  presence  of  atropine,  benzodiazepines,  lidocaine, 
and  narcotic  analgesics  in  the  pilots  might  have  been  associated 
with  their  administration  to  the  accident  victims  by  health  care 
providers  at  accident  scenes  and/or  at  medical  facilities.  Other 
drugs  could  possibly  have  been  obtained  by  the  pilots  through 
prescription  or  over-the-counter. 

Investigations  of  all  31  accidents  have  been  completed  by 
the  NTSB.  Accordingly,  the  use  of  drugs  and  ethanol  and/or  a 
medical  condition  was  reported  as  a  probable  cause  or  contribut¬ 
ing  factor  in  35%  (1 1  of  31)  of  the  accidents.  This  percentage 
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is  basically  similar  to  that  reported  earlier  with  SSRIs  where  the 
use  of  drugs  or  medical  conditions  were  determined  in  3 1%  (19 
of  61)  of  the  accidents  (27). 

The  pilots  wherein  TCAs  were  detected  (i)  were  of  an  average 
upper  middle-age  group  (58  yr)  and  the  majority  (94%)  of  them 
were  male,  (ii)  basically  represented  a  cross-section  of  varying 
professions,  and  (iii)  had  a  wide  range  of  flying  experience. 
Although  the  TCA- related  pilots  were  older  than  that  reported 
in  the  U.S.  Civil  Airmen  Statistics,  wherein  the  average  age  of 
airmen  is  45  yr  (17),  the  percentages  of  male  and  female  pilots 
observed  in  the  present  study  were  similar  to  those  reported  in 
the  airmen  statistics  (17).  Most  of  the  pilots  held  private  pilot 
flying  certificates  and  third-class  medical  certificates.  Some  pilots 
did  not  have  flying  or  medical  certificates.  One  aviator  was  a 
sport  pilot  without  a  medical  certificate.  For  flying  an  aircraft 
as  a  sport  pilot,  an  aviator  must  hold  a  medical  certificate  or  a 
valid  driver’s  license  to  exercise  this  privilege  (16). 

Although  none  of  the  31  pilots  reported  TCA  usage  and 
associated  medical  conditions  during  their  medical  examina¬ 
tions,  45%  did  report  other  drugs  that  could  be  used  without 
jeopardizing  their  qualification  to  obtain  a  medical  certificate.  It  is 
clearly  evident  from  the  toxicological  findings  that,  in  spite  of  not 
mentioning  TCAs  during  their  aviation  medical  examinations, 
the  personal  medical  records  and  /  or  medical  history  of  the  pilots 
directly  obtained  by  the  NTSB  revealed  the  use  ofTCAs  by  six 
of  the  3 1  fatally  injured  pilots.  These  pilots  had  been  diagnosed 
with  medical  conditions  that  required  taking  TCAs.  In  fact,  one 
pilot  had  taken  a  TCA  for  10  yr,  but  the  aviator  never  informed 
his  aviation  medical  examiner.  The  evaluation  of  personal  medical 
records  and  history  for  the  purposes  of  accident  investigations  is 
an  effective  approach  in  deducing  whether  an  aviator  was  taking 
an  unreported  or  unauthorized  medication. 

Overall,  the  present  study  disclosed  that  the  usage  ofTCAs 
in  aviators  is  not  prevalent  in  comparison  to  SSRIs.  Although 
none  of  the  pilots  had  reported  TCAs  at  the  time  of  their  avia¬ 
tion  medical  examinations,  these  antidepressants  were  found  in 
their  body.  The  findings  of  this  study  suggest  the  necessity  for 
aviators  to  fully  disclose  the  medications  that  they  are  taking  for 
the  improvement  of  aviation  safety. 
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